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Impact of Hepatitis B virus (HBV)

* Hepatotropic, non-cytopathic virus
» HBV establishes persistent liver infection in >300 million people worldwide
« Causes >600,000 deaths annually from associated liver disease

» Persistence is perpetuated by an inadequate virus-specific T cell response

Resultant liver disease is immune-mediated




Differential regulation of tissue damage in
HBV infection

acute, resolving HBV chronic HBV
100
Serum Out 1007 Serum
= utcome = Serum ALT
£ HBY Clinical £ Outhme -
g DNA B e 2 HBV DNA Chronic activity
2 hepatitis
& 3
& E
S 50 - 5 50
q%g Serum x
0 ALT activity 5
I= G
=
0 | T T | T | T 0 L ' 7T |
0 1 2 3 4 5 6 7 8 0 10 20 21 30 31 4041 50
Time after infection (months) Time after infection (years)
: : ' : . . | I I I |
Incubation  Acute disease, Recovery, . Immuno- Immunoactive Low replicative High replicative
phase clinical symptoms  protective immunity

tolerance phase phase phase

adapted from: Rehermann, Nat. Rev. Immunol. 2005



Differential regulation of tissue damage in
HBV infection

acute, resolving HBV chronic HBV
100
Serum Out 1001 Serum
= utcome = Serum ALT
£ HBY Clinical £ Outhme -
g DNA B e 2 HBV DNA Chronic activity
2 hepatitis
& 3
& E
S 50 5 504
q%g Serum x
0 ALT activity 5
I= i G ‘
=
O ) 1 | | T 1 0 ' f f I IR |
0 1 2 3 4 5 6 7 8 0 10 20 21 30 31 4041 50
Time after infection (months) Time after infection (years)
: : ' : . . | I I I |
Incubation  Acute disease, Recovery, . Immuno- Immunoactive Low replicative High replicative
phase clinical symptoms  protective immunity

tolerance phase phase phase

adapted from: Rehermann, Nat. Rev. Immunol. 2005



Differential regulation of tissue damage in

HBV infection
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Paradigm for immunomodulation of organ damage - What mediates the
differential regulation of liver immunopathology in different phases of HBV
infection?



Innate regulation of adaptive immunity in

HBV infection

Rapid, contact-dependent
NK cell killing of HBV-
specific T cells
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Up-regulation of a death receptor
renders antiviral T cells susceptible
to NK cell-mediated deletion
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Role for myeloid-derived suppressor cells in
regulating liver immmunopathology
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What are granulocytic myeloid-derived
suppressor cells?
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predominant population in humans
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gMDSC expand in hepatotropic viral

Infection (HBV)
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gMDSC transiently expand in acute HBV In
parallel with viraemia
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...declining at the onset of liver-specific
iInflammation
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gMDSC expand in patients replicating HBV
without immunopathology
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gMDSC expand in patients replicating HBV
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gMDSC are increased in the absence of
liver inflammation
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gMDSC decline before the onset of hepatic
flares in eAg- chronic HBV disease
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gMDSC decline before the onset of hepatic
flares in eAg- chronic HBV disease
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Ex vivo data point to arole for gMDSC in suppressing liver
iInflammation

How could they achieve this?



gMDSC drive nutrient deprivation

ARTICLE

Functional skewing of the global CDS§ Published August 11, 2008
T cell population in chronic hepatitis B
virus infection
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Global metabolic defect in HBV T cells
« CD3{ downregulation

« Dysregulation in functionality

Gabrilovich & Nagaraj Nat. Rev. Immunol. 2009
Gabrilovich, Ostrand-Rosenberg & Bronte Nat. Rev. Immunol 2012



gMDSC drive nutrient deprivation

Nutrient deprivation
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gMDSC drive nutrient deprivation
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gMDSC produces arginase | which depletes

L-arginine
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arginase-1 ng/ml

Arginase | is Iincreased and L-arginine is
decreased in the serum
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Do gMDSC reach the liver, the site of HBV infection and
pathology?



Do gMDSC reach the liver, the site of HBV infection and
pathology?
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gMDSC are further expanded in the
Intrahepatic compartment in HBV
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**p =<0.01
*** p =<0.001 (Wilcoxon signed-rank test)



gMDSC are further expanded in the
Intrahepatic compartment in HBV
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What factors promote gMDSC expansion in the liver?
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PHSC cells promote enhanced gMDSC
proliferation/survival
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Can arginase I+ gMDSC suppress T cell
iImmunopathology in the liver?

« HBV is a non-cytopathic virus

« Liver damage: Initiated by
HBV-specific CTL, amplified
by bystander T cells

Maini et al, JEM 2000
Kakimi et al JEM 2001
Sitia et al, PNAS 2002




Can arginase |+ gMDSC suppress T cell
Immunopathology in the liver?
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gMDSC potently suppress expansion of
HBV-specific T cells

1 yg/ml HBV peptide
DgMDSC  +gMDSC

2.5 * 2.0 *
+ A1 T +
> 20 P 15- 1_
zZ Z
LL 15 LL
aDo ;Dr 1.0
1.0
@) @)
L 054 R 05-
0 T i 0 T i

HBV +gMDSC HBV +gMDSC
HBV HBV



gMDSC suppress bystander T cells in a
partially L-arginine dependent manner

0.5 pg/ml CEF peptide: CMV/EBA/Flu
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gMDSC suppress bystander T cells in a
partially L-arginine dependent manner

0.5 pg/ml CEF peptide: CMV/EBA/Flu
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Ex vivo: T cells in HBV bare the hallmark
of L-arginine deprivation
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Metabolic regulation in HBV at the T cell
level
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amino acid starvation

impairs T cell proliferation
& function

impeding T cell responses
that drive pathology

Do T cells initiate compensatory changes?



System-L amino acid transporters: critical
checkpoint controlling T cell metabolism
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Hypothesis: L-arginine starvation induces an up-regulation of system-L
amino acid transporters on T cells



Compensatory increase in system-L amino
acid transport in arginine-starved T cells
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Intrahepatic and HBV-specific T cells have
Increase system-L amino acid transporter
expression ex vivo
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Intrahepatic and HBV-specific T cells have
Increase system-L amino acid transporter
expression ex vivo
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Amino acid transporters calibrate the T cell response to amino acid starvation

Pallett et al. Nat Med (2015)



Metabolic regulation of T cells in viral
hepatitis

amino acid starvation

impairs T cell proliferation
& function

impeding T cell responses
that drive pathology

o ® \
Metabolically stressed T cells

attempt reprogramming by compensatory
increases in system-L amino acid
transport

A rheostat & potential therapeutic target to control immunopathology
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